Abstract Adjuvant! Ó Online (Adjuvant!) is a userfriendly, web-based tool that provides estimates of adjuvant therapy outcomes for individual patients. While reliable evidence underpins estimates for most patient cohorts, there is a paucity of data on the effect of adding chemotherapy to complete estrogen blockade for premenopausal women with estrogen-receptor positive breast cancer. International Breast Cancer Study Group (IBCSG) Trial 11-93 enrolled 174 premenopausal women with estrogen-receptor positive, node-positive breast cancer. Among these patients, 55% had one positive axillary lymph node and 97% had three or fewer positive nodes. Patients were randomized to receive ovarian function suppression plus 5 years of tamoxifen with or without anthracycline-based chemotherapy. Estimated hazard rates and corresponding 10-year relapse-free survival percentages obtained from Trial 11-93 data were compared with those predicted using Adjuvant!. The 10-year relapsefree survival percentages predicted from Adjuvant! were An invited commentary to this article can be found at doi:10.1007/s10549-010-0874-3. 
Introduction

Adjuvant!
Ó Online (Adjuvant!) [1, 2] is a web-based tool for estimating risk of relapse and mortality and illustrating the benefits provided by various treatment regimens for newly diagnosed breast cancer patients. The estimates for risk of death are derived from the Surveillance, Epidemiology, and End Results (SEER) data. Adjuvant! calculates estimates for recurrence by adding 14% to the mortality risk ''to account for the risk of contralateral breast cancer and local/regional events unlikely to result in breast cancer mortality.'' The estimates of treatment benefit are derived from available clinical trial results and data from the 1995 Overview meta-analyses of randomized adjuvant chemotherapy and hormone therapy trials for breast cancer [3] , with supplemental information from the 2000 Overview [4] . The background information available on-line for Adjuvant! [1] reveals the care used by the developer of this tool to provide the most accurate information on prognosis and treatment benefit for individual patients.
The reliability of the estimates, however, is only as good as the quality and quantity of the data available to inform results for specific patient cohorts and for specific treatment comparisons. Trials completed in the 1970s showed that the benefits of adjuvant chemotherapy were particularly striking for premenopausal women, and these large effects of chemotherapy for women under 50 years of age were highlighted in overview analyses [3, 4] . In 1993, the International Breast Cancer Study Group (IBCSG) initiated a tailored treatment investigation (IBCSG Trial 11-93) focusing on the specific patient population of premenopausal women with node-positive, endocrine-responsive disease [5, 6] . Patients were randomized to receive either adjuvant endocrine therapy alone using a complete estrogen blockade (ovarian function suppression or ablation (OFS) plus 5 years of tamoxifen (OFS-Tam group)) or the same endocrine therapy plus chemotherapy (four courses of anthracycline plus cyclophosphamide (AC) with the chemotherapy commencing with the OFS and the tamoxifen following the chemotherapy (OFS-AC-Tam group)). The hormonal treatment (OFS ? Tam) selected as reference for the trial was-and still remains-considered an 'optimal endocrine therapy' in view of its demonstrated superiority to tamoxifen alone in first line therapy in premenopausal women with advanced breast cancer suitable for endocrine treatment [7] . The AC regimen was selected because equivalent efficacy had been demonstrated and it was associated with less toxicity than 6 months of CMF in positive-node breast cancer patients with tamoxifen-nonresponsive tumors [8] . After 5 years, accrual was halted with 174 patients enrolled. Although all patients with nodepositive disease were eligible, 55% of patients had one positive node, and 97% of patients had 1-3 positive nodes.
The trial results at 4 years' median follow up [5] and at 10 years' median follow up [6] have been published, which show virtually identical outcomes for the patients who were randomized to receive chemotherapy and those who were not, both with respect to disease-free survival and overall survival.
In this article, we compare the recurrence-free survival (RFS) outcomes predicted by Adjuvant! for the 174 patients enrolled in IBCSG Trial 11-93 with the RFS obtained directly from Trial 11-93.
Methods
Adjuvant! Online
Adjuvant! is a web-based, interactive system that computes RFS and overall survival percentages using the following user-entered patient and disease categories defined in Table 1 : age, estrogen-receptor (ER) status, tumor grade, tumor size, number of positive nodes, and comorbidity (perfect health, minor problems, average for age, major problems (?10), major problems (?20), major problems (?30)) [1] .
A computer program generates estimates for both mortality and relapse according to adjuvant endocrine therapies, chemotherapies, and their combination. The five categories for the endocrine therapies and nine categories of chemotherapies are listed in Patients were randomized to receive either endocrine therapy alone or chemotherapy plus endocrine therapy. Endocrine therapy was expected to provide a complete estrogen blockade from OFS plus 5 years of tamoxifen (20 mg daily). OFS could be achieved by bilateral surgical oophorectomy via laparotomy or laparoscopy, bilateral ovarian radiation, or GnRH analogue (3.6 mg goserelin every 28 days) continued for 2 years or until the patient was 55 years of age, whichever was longer. OFS followed by ovarian ablation was also acceptable. The group assigned to chemotherapy (AC) received four courses of anthracycline (either doxorubicin 60 mg/m2 or epirubicin 90 mg/m2 i.v. day 1) plus cyclophosphamide (600 mg/m2 i.v. day 1) repeated every 21 days. Patients in the combined arm who opted to receive GnRH analog as the method of OFS were to start AC and GnRH analogue concurrently. If the OFS method was surgery or radiotherapy, then it preceded the chemotherapy, which was followed by tamoxifen to complete 5 years. The planned sample size was 760, later amended to 400 patients, but enrollment was slow and accrual was halted after 5 years with 174 patients entered. The prognostic features were well balanced between the two treatment assignments ( Table 1) . The current report uses the database published in 2009 [6] . Trial 11-93 was coordinated and funded by the IBCSG. The ethics committees and required health authorities of each participating center approved the study protocol, and all patients gave written informed consent.
Statistical analyses
Patient and disease characteristics collected during the routine conduct of IBCSG Trial 11-93 were grouped according to the Adjuvant! categories (Table 1) . Individual patient characteristics were entered into the interactive screens via the Adjuvant! website [1] . The Adjuvant! website returned the calculated estimates of percent alive and without breast cancer at 10 years, and the additional absolute benefit at 10 years provided by the Adjuvant! treatment groups that matched the randomized treatment arms of Trial 11-93-OFS plus tamoxifen and OFS plus tamoxifen plus an anthracycline-based regimen. Each patient's Adjuvant!-estimated 10-year RFS percent was converted into an annual hazard rate based on an exponential distribution, which assumes a constant rate of failure over time. Then a mean hazard rate with standard error was computed for both the endocrine therapy and the chemoendocrine therapy groups. RFS events were defined as any breast cancer recurrence or contralateral tumor, and second primary neoplasms were ignored.
Comorbidity categories to match those defined by Adjuvant! were difficult to assign for the twenty patients on Trial 11-93 for whom a comorbid illness had been reported: eight hypertension, three arthrosis/arthritis, four hypothyroidism, two fibromyalgia, and one each of struma nodosa, hypercholesterolemia, and diabetes. No details were collected regarding severity or control of these comorbidities, so a sensitivity analysis was performed by estimating the risk of relapse for each of these patients assigning them to perfect health, average health, and minor problems. Three mean hazards for each of the two regimens were then calculated using the estimates generated from these different comorbidity categories. The overall estimates for the treatment groups were essentially the same, irrespective of how comorbidity was incorporated, so the estimates for this report assigned all patients to the category of perfect health. The Adjuvant! definition of RFS was used in the analysis of IBCSG Trial 11-93. Assuming exponential distribution for the RFS in IBCSG Trial 11-93, mean hazard rates and their 95% confidence intervals were calculated using Trial 11-93 data ( Table 3) .
The bootstrap method was used to estimate the standard errors for differences in outcome between Trial 11-93 and Adjuvant!, and a P-value was calculated.
Results
IBCSG Trial 11-93 treatment groups achieved similar estimated 10-year RFS assuming an exponential distribution: 76.4% (95% CI, 65.8-84.0%) for the OFS-Tam group and 74.9% (95% CI, 64.5-82.7%) for the OFS-AC-Tam group. The two regimens also had similar mean hazards (0.027 (95% CI, 0.017-0.042) for OFS-Tam; 0.029 (95% CI, 0.019-0.044) for OFS-AC-Tam). By contrast, the Adjuvant! estimates suggested a substantial advantage for the addition of the chemotherapy, with differences in the mean hazards 0.044 (95% CI, 0.040-0.048) for OFS-Tam) 0.029 (95% CI, 0.026-0.031) for OFS-AC-Tam) and in the 10-year RFS percents 64.4% (95% CI, 61.9-67.2%) and 74.9% (95% CI, 73.1-76.8%) without and with chemotherapy, respectively) ( Table 3 ). The Adjuvant! estimate for the endocrine alone control group was significantly lower than the control group estimate observed in Trial 11-93 (P = 0.03), while the estimates for the two chemoendocrine therapy groups were similar. Figure 1 presents the Kaplan-Meier curves for RFS calculated from the IBCSG Trial 11-93 data (Fig. 1a) , the RFS curves estimated assuming an exponential distribution (Fig. 1b) , and the four curves superimposed (Fig. 1c) . Figure 2 presents the RFS curves assuming an exponential distribution calculated from the Adjuvant! hazard rate estimates (Fig. 2a ) and superimposes these RFS curves with those calculated using the Trial 11-93 outcome data (Fig. 2b) .
Conclusions
Adjuvant! is a user-friendly web-based system that can give health professionals a rapid response regarding prognosis for patients in specific subgroups. It is an excellent tool frequently used to assist clinicians in assessing potential benefits of a variety of treatment options. Any such tool, however, is only as good as the evidence on which it is built. One clinical area of controversy for which data are scarce concerns the benefit of chemotherapy when added to the combination of ovarian suppression plus tamoxifen (also referred to as 'complete estrogen blockade') for premenopausal patients with estrogen receptor-positive tumors and limited axillary node (1-3?) involvement. In fact, IBCSG Trial 11-93 is the only published randomized trial directly addressing this question. In order to obtain estimates in this setting, Adjuvant! must rely on data from other populations, such as all trials enrolling premenopausal patients, or trials comparing chemotherapy with no chemotherapy in the absence of hormonal treatment.
Adjuvant! properly describes its limitations [1] . Estimates rely heavily on treatment effects obtained on average from the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) overviews. These may be imprecise because several regimens are often combined in a single analysis, yielding results for a class of treatments and possibly obscuring differences of the effectiveness of a particular regimen. In addition, Adjuvant! cannot provide estimates for therapies that have not been sufficiently evaluated in clinical trials. In the case of this article, due to the paucity of data regarding the benefit of chemotherapy for premenopausal patients with endocrine responsive disease who receive complete estrogen blockade, Adjuvant! must make the assumption that the 'average' results are relevant for this patient population. Adjuvant! also assumes that the value of chemotherapy and tamoxifen is independent and roughly additive. Finally, Adjuvant! does not appear to adjust estimates of the effectiveness of chemotherapy regimens based on age or estrogen receptor status. The Adjuvant! online help file states: ''In premenopausal women neither ER status nor whether the patient received adjuvant tamoxifen or not did not seem to make a difference in terms of the effectiveness of the adjuvant chemotherapy. In an analysis not presented by the Overview, but derived from the data [sic], it is even clearer that in younger women ER is not an important predictor of the effectiveness of chemotherapy.'' [1] While this statement is true with respect to comparisons of chemotherapy plus tamoxifen versus tamoxifen alone, it fails to consider the biologic drivers of the observed results, i.e., the fact that endocrine effects of chemotherapy on the ovarian function (chemocastration) play a role for the population of patients with ER-positive disease.
If OFS is used as an integral part of the endocrine therapy regimen, then the ovarian ablative effect of chemotherapy may be superfluous and its cytotoxic effect may not provide much additional benefit for an ER-positive cohort of patients with a limited axillary node (1-3?) involvement. Indeed, long term results of the randomized ZEBRA study demonstrated non-inferiority of goserelin versus CMF (cyclophosphamide, methotrexate and 5-fluorouracil) for adjuvant therapy of premenopausal patients with ER-positive, node-positive early breast cancer [9] . In two subsequent randomized trials of premenopausal patients with ER-positive early breast cancer, complete estrogen blockade combining an LHRH-agonist with tamoxifen was compared to adjuvant chemotherapy [10, 11] . This hormonal treatment was significantly more effective than CMF in the Austrian trial which enrolled patients with stage I and II breast cancer [10] , while the French study evaluating patients with 1-3 positive axillary nodes [11] found this hormonal therapy to be at least equivalent to six cycles of FEC50 (fluorouracil, epirubicin, and cyclophosphamide).
Premenopausal women with ER-positive disease have proven to be a difficult population in which to evaluate the effectiveness of the addition of chemotherapy. IBCSG Trial 11-93 was closed prematurely due to the inability to recruit sufficient patients and as a result is an underpowered study. A second IBCSG trial for premenopausal patients with ER-positive disease evaluating the role of chemotherapy, IBCSG 26-02 PERCHE, was also closed early due to poor accrual despite a worldwide effort (BIG 4-02) [12] . Nevertheless, IBCSG Trial 11-93 remains the only published randomized trial evaluating chemotherapy added to optimal endocrine therapy for premenopausal women with endocrine-responsive disease.
Three main limitations should be considered when interpreting the current results. IBCSG Trial 11-93 recruited only 174 patients (of the accrual goal of 400) and thus provides imprecise estimates, although the difference between the Trial 11-93 and Adjuvant! control groups not receiving chemotherapy was statistically significant (P = 0.03). AC chemotherapy was used in Trial 11-93, and it is possible that more intensive chemotherapy regimens might have produced different results. However, the results from Trial 11-93 and Adjuvant! only differ in the estimated outcome for the non-chemotherapy control groups. Finally, we note that although was open for the nodepositive population, 55% of patients enrolled had only one positive node, and 97% had 1-3 positive nodes. Furthermore, only 41 patients (24%) had grade three tumors, leaving as an unanswered question the role of chemotherapy for high grade disease. The OFS administered in IBCSG 11-93 by GnRH was prolonged and continued until at least the age of 55 years. Thus, the results shown here are primarily applicable to patients with a low number of positive axillary lymph nodes, lower grade and highly endocrine-responsive tumors, although they might also be extrapolated to node-negative disease. The MINDACT (Microarray In Node-negative Disease may Avoid ChemoTherapy) and TAILORx (Trial Assigning IndividuaLized Options for Treatment (Rx)) studies both have the goal of evaluating molecular signatures or gene expression profiles for clinical practice [13, 14] , seeking to identify a subset of patients with operable node-negative breast cancer (TAILORx) or 0-3 positive nodes (MIN-DACT) who may not need chemotherapy. Neither trial will be able to address the question posed in Trial 11-93 and PERCHE [12] . For example, while the Intergroup TAILORx trial will provide some information regarding the impact of chemotherapy, the endocrine treatment is neither standardized nor declared prior to randomization. It is, therefore, possible that those women not assigned to receive chemotherapy might be given a different endocrine treatment, such as OFS combined with an antihormonal drug, which will make the results difficult to interpret.
Adjuvant! was shown to reliably predict overall survival (OS) and event-free survival (EFS) in a large series of 4,083 patients from the British Columbia Breast Cancer Outcomes Unit database [15] . However, when applied to data from 1065 women treated in the United Kingdom, it yielded overly optimistic predictions, which were more pronounced for OS than for EFS, possibly reflecting less availability of new and more effective cancer drugs [16] . The RFS observed in both arms of the IBCSG Trial 11-93 were nearly identical with the RFS predicted by Adjuvant! for the more aggressive treatment strategy (OFS-ACTam). The trial results indicate that estimates of chemotherapy benefit underestimate the effectiveness of OFS plus an anti-hormonal compound. Few published trials in this population include OFS, thus Adjuvant! can only evaluate the value of chemotherapy plus tamoxifen compared with that of tamoxifen alone.
A recent presentation by the Austrian Breast Cancer Study Group Trial ABCSG-12 reported excellent 5-year results for both arms of a randomized phase III study of adjuvant endocrine treatment that included both OFS and tamoxifen or an aromatase inhibitor [17] .
It is now understood that chemotherapy-induced OFS plays a role for ER-positive disease. Despite the low power of IBCSG Trial 11-93, it is likely that this randomized clinical trial tailored to a specific population and using a total estrogen blockade control arm provides a better estimate of chemotherapy benefit than Adjuvant! in this specific population. While there seems to be no major benefit of systematically adding adjuvant chemotherapy to OFS plus tamoxifen for all hormone receptor positive premenopausal breast cancer patients, there are possibly subgroups in which such a combination may be advantageous. Prospective clinical trials focusing on molecularly defined subgroups (like luminal B or ER ?/HER2 ? cancers) should evaluate additive or synergistic hormonal and chemotherapy combinations.
There is the caveat presented by Adjuvant!: ''The estimates given by the program are evidence based, but not the only possible interpretation of the existing evidence. You, the user, should review the evidence, and if you feel other estimates are more appropriate, you should enter your own estimates. It is possible with the program to make estimates of benefit in patient populations where a given adjuvant therapy has not yet been tested or recommended.'' [1] Adjuvant! is a user-friendly tool for informing patients and their doctors regarding prognosis and average treatment benefits, however estimates of chemotherapy benefit for premenopausal patients with endocrine-responsive disease and few positive nodes are likely to be misleading.
